The agreement of electroweak measurements with theory places limits on the masses of the top quark and the W boson. It is shown how these limits arise and what constraints various measurements (particularly a top quark mass determination) would provide on the theory. The degree to which present and future measurements can constrain the Higgs boson mass is examined.
Introduction
The unified description of weak and electromagnetic interactions has led to a series of predictions which are in accord with all present data, including recent measurements from e + e − collisions at the Z mass, pp collisions at high energies, deep inelastic scattering of neutrinos, and parity violation in atoms. This agreement is so good that it constrains higher-order effects, particularly that of the top quark mass. In the present paper we examine such constraints in the light of recent data, and extend the analysis of a recent review [1] to parameters S and T which describe effects of new physics [2] .
Electroweak theory and radiative corrections
The electroweak theory replaces the Fermi coupling constant, G F = 1.16637 ± 0.00002 × 10 −5 GeV −2 , by combinations of dimensionless couplings and masses:
where (g, g ′ ) are the SU(2) and U(1) couplings. The electric charge e is related to g and g ′ by e = g sin θ = g ′ cos θ, so that
The value of M Z = 91.187 ± 0.007 GeV [3] then can be used to predict the value of θ in the lowest-order theory, leading to a value of M W . The electromagnetic charge when probed at the scale of M W or M Z is slightly stronger than that at long distances as a result of vacuum polarization effects.
The fine-structure constant, instead of being about 1/137, is about 1/128. This modification is crucial in obtaining a value of M W from the above procedure which is close to the experimental average [4, 5] .
The major effect of a top quark mass is a modification of the relation between G F and M Z :
The quadratic dependence on m t comes from the top quark's contribution to W and Z self-energy diagrams. No such quadratic dependence appears in the photon vacuum polarization because of electromagnetic gauge invariance. The relation for M Z in terms of θ now becomes
Higgs boson contributions to W and Z self-energies lead to an additional term 
where ∆Z W and ∆Z Z represent the effects of variation with momentum transfer between q 2 = 0 (where G F is measured) and the W and Z poles (where coupling constants and masses are defined). They may be expressed in terms of quantities of order 1:
Similarly, ρ = 1 + αT can be expressed in terms of a parameter T of order 1. If one expands around nominal values of m t and M H , one finds [7] T ≃ 3 16π sin 2 θ
Electroweak observables and fits
The precise value of the Z 0 mass entails a value of sin 2 θ ≡ x 0 = 0.2323 ± 0.0002 ± 0.0005 for m t = 140 GeV, M H = 100 GeV. We expand a set of electroweak obervables about this value; details are to be found in Ref. [1] . For example, we have [8] 
and corresponding other expressions for Z partial widths, neutral-current to chargedcurrent ratios in deep inelastic neutrino scattering, and weak charges as measured in atomic parity violation. The data are summarized in Table I . Based on the data in Table I , we obtain χ 2 for specific values of M H as a function of m t . The results are shown in Fig. 1 . The minimum χ 2 values for M H = (100, 300, 1000) GeV are (4.34, 4.33, 4.33), corresponding to m t = (144 ± 16, 160 ± 15, 177 ± 14) GeV. The lack of preference for any particular Higgs boson mass stands in contrast to other fits [9, 10] in which a slight (but not significant) tilt in favor of low Higgs mass occurs. This tilt has been traced to slightly different input values for the forward-backward asymmetry for b quark production and for the leptonic width of the Z.
A fit based on the degrees of freedom S and T of Ref. [2] was also performed. (Here we have assumed S = S W = S Z , as occurs when one has extra degenerate 
Conclusions
We have shown that the top quark mass is limited by today's electroweak data to be less than about 200 GeV. Stronger limits are to be mistrusted. A plot in S and T shows no particular preference for any sign of S but implies S < 1 at the 90% confidence level. The discovery of the top quark and the measurement of its mass remain the highest priority for obtaining further information about the electroweak theory. 
Acknowledgements

